WHAT'S KNOWN ON THIS SUBJECT: Pediatric early warning scores (PEWS) for hospital inpatients have been developed to identify patients at risk for deterioration. Beyond triage, similar systems that identify ill patients and predict requirements for a higher level of care are needed in the emergency department.
Pediatric early warning scores (PEWS) are physiology-based scoring systems developed to identify patients admitted to inpatient pediatric wards at risk for clinical deterioration. 1 A recent publication showed that early warning scores are needed to quickly identify critically ill patients in the emergency departments (EDs) so that treatment can be started without delay. 2 Moreover, the use of the same system in the ED and inpatient wards allows continuity for patient assessment.
According to an adult study performed in the United Kingdom, early warning scores are used in the majority of EDs, although the evidence for this claim is lacking. 2 To date, there are few data on the use of PEWS in children presenting to the ED. 3, 4 Bradman and Maconochie 3 validated only 1 of the several PEWS that are currently in use. Egdell et al 4 conducted a pilot study to validate a designed for initial assessment at the ED and showed that the system was able to identify children requiring ICU admission.
The goal of the current study was to compare the performance of different PEWS to predict ICU admission or hospitalization in a large population of children visiting the pediatric ED.
METHODS

Study Design
Different versions of PEWS were evaluated in a large prospective cohort of children presenting to the ED. The different PEWS were based on patients' age and vital sign values (heart rate, respiratory rate, oxygen saturation, blood pressure, temperature, and level of consciousness) prospectively collected during the triage assessment.
The current study used data collected for an ongoing study on the validity of the Manchester Triage System (MTS) in pediatric patients. 5, 6 The medical ethics committee of Erasmus MC approved the study, and the requirement for informed consent was waived.
Setting and Selection of Participants
Data collection included all children aged ,16 years who presented to the ED of the Erasmus MC2Sophia Children' s Hospital, Rotterdam, Netherlands, between August 2009 and June 2012. The Erasmus MC2Sophia Children' s Hospital is a large inner-city university hospital with a pediatric ED that is open 24 hours a day. The ED receives ∼8000 children annually from a catchment area with a multisocioeconomic and multiethnic population of 2 million inhabitants.
Pediatric Early Warning Scores
A PubMedsearchwas performed in June 2012 using the terms "pediatric early warning," "paediatric early warning," "track and trigger," "trigger criteria," "calling criteria," "medical emergency team," "pediatric alert criteria," or "paediatric alert criteria." Studies were limited to children aged 0 to 18 years and a publication date within the past 10 years. Subsequently, the titles, abstract, and full text articles were screened, and the reference lists of systematic reviews and studies on the use of PEWS in the ED were scanned to complete the search. The PEWS were included if the scores were newly developed for children presenting to the ED or admitted to an inhospital pediatric ward or if the original scores were adjusted.
The PubMed search retrieved a total of 75 articles. After exclusion of studies not addressing PEWS (n = 45), original research on PEWS (n = 8), or children (n = 6), 16 studies remained. Eight studies described newly developed or derived PEWS and the remaining 8 studies validated these PEWS. Four studies were included after screening the reference lists, resulting in a total of 12 PEWS, of which 11 were developed for inpatient use [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and 1 for use in the ED. 4 The PEWS can be differentiated into scoring systems and triggering systems. 1 A scoring system contains different parameters (eg, heart rates or respiratory rates). If these parameters show an increased deviation from normal values, the given scores are greater. The scores for all the different parameters are cumulated to 1 numeric value, which, depending on the cutoff level, determines a patient' s risk for clinical deterioration. In a triggering system, the patient is considered at risk if 1 of the parameters is positive.
Six PEWS were considered as scoring systems 4,7-11 and 6 as triggering systems. [12] [13] [14] [15] [16] [17] Most PEWS were developed for inhospital patients and therefore not all parameters were available at triage assessment. Parameters that contain diagnostics, therapeutic interventions, or suspected diagnoses were removed from the scoring and triggering systems. Only therapeutic interventions such as oxygen therapy and bolus fluids remained in the model because these parameters are surrogate markers of low saturation and severe dehydration, which are features scored by triage nurses. The PEWS of Hunt et al 17 and Sharek et al 16 are not useful for triage assessment in the ED because continuous monitoring of vital signs is needed to assess acute change in vital signs. Therefore, 10 PEWS remained for analysis.
Details of parameters used in the remaining PEWS areshown in Table1, and the contributions of individual parameters to the scoring systems are shown in Appendix 1.
Data Collection
ED nurses specialized in both pediatric and emergency care collected standardized data on the different parameters of the PEWS during triage assessment and recorded this information on structured electronic or paper (200622009) ED forms. Heart rates, oxygen saturation, and blood pressure were measured by using electronic devices. Respiratory rates were measured by counting respiratory movements for 30 seconds. The measurement of vital signs was left to the discretion of the nurse. The database was checked for outliers (values .3 times the interquartile range above the 75th percentile and ,3 times the interquartile range below the 25th percentile 18 ). Patient characteristics and data on follow-up were extracted from the electronic hospital system and merged in SPSS version 20.0 (IBM SPSS Statistics, IBM Corporation, Armonk, NY) for analysis.
Data Analysis
To impute missing vital signs values, we used a multiple imputation model, including age, gender, vital signs values, hospitalization, ICU admission, MTS category, and presenting problem. This method means that missing data are replaced by a value that is drawnfroman estimate of the distribution of the variable to create a complete database. 19 This process was executed 10 times to generate 10 complete databases. Statistical analyses on each database were performed and pooled for a final result.
A numeric score was calculated for the different scoring systems and a binary score for the triggering systems. The validity of the PEWS was expressed by the areas under the receiver operating characteristic (ROC) curves, sensitivity, specificity, and positive likelihood ratios and negative likelihood ratios for ICU admissionand admission tothe hospital. To calculate sensitivity, specificity, and likelihood ratios, the numeric scores of the scoring systems had to be dichotomized at the most optimal cutoff level of the ROC curves.
Sensitivity, specificity, positive likelihood ratios, negative likelihood ratios, and the 95% confidence intervals (CIs) were calculated with the VassarStats 
RESULTS
Study Population
In total, 18 073 children presented to the ED during the study period. Data were not available for 130 children. Therefore, 17 943 children remained for analysis, of whom 16% (n = 2828) were admitted to the hospital and 2% (n = 373) were admitted to an ICU or died in the ED. Patients' characteristics are shown in Table 2 .
Ninety-six percent of patients (n = 17 289) had at least 1 vital sign measured. Heart rate was measured in 9062 (51%) children; respiratory rates in 6671 (37%); blood pressure in 3632 (20%); oxygen saturation in 4901 (27%); temperature in 10 050 (56%); and level of consciousness in 16 319 (91%). The absence of vital signs was more frequent in patients allocated to lower MTS urgency categories and in patients presenting with traumatic problems than in those presenting with medical problems.
Performances of PEWS in the Total Population
The ROC curves of the PEWS are shown in Fig 1. The discriminative ability to predict ICU admission and admission to the hospital was higher when scoring systems were used than when triggering systems were used (Table 3) . Moreover, PEWS were better suited to predict ICU admission than admission to the hospital, because the areas under the ROC curves decreased significantly when admission to the hospital was used as the outcome measure.
For all PEWS, the optimal cutoff level to calculate sensitivity and specificity for both ICU admission and admission to hospital was set at 1, except for the PEWS of Duncan et al 10 and Parshuram et al, 11 for which the cutoff levels were set at 3 for ICU admission and 2 for admission to the hospital (Table 3 ). The sensitivity and specificity at different cutoff levels of the scoring systems are shown in Appendix 2.
The sensitivity and specificity of the PEWS at the optimal cutoff levels varied widely. When ICU admission was used, the sensitivity of the different PEWS ranged from 61.3% to 94.4% and the specificity ranged from 25.2% to 86.7%. These findings resulted in a positive likelihood ratio between 1.3 and 4.6 and a negative likelihood ratio between 0.22 and 0.45.
When hospitalization was used, the sensitivity ranged from 36.4% to 85.7% and the specificity ranged from 27.1% to 90.5%. None of the PEWS showed both a high sensitivity and a high specificity. Sensitivity, specificity, positive likelihood ratios, and negative likelihood ratios of the individual PEWS are shown in Table 3 .
DISCUSSION
Twelve different PEWS were described in the literature, of which 10 were potentially suited for use in the ED. The discriminative ability of the PEWS (area under the ROC curve) were moderate to good for ICU admission (range: 0.602 0.82) and poor to moderate for admission to the hospital (range: 0.562 0.68). Moreover, scoring systems with parameters leading to a numeric value were better able to identify patients at risk than triggering systems, which need 1 positive parameter. The cstatistics of the different scoring systems, however, were not statistically different. The choice of best PEWS in the ED should depend on other factors such as ease of use.
The scoring systems of Egdell et al 4 and Duncan et al 10 contain more parameters than the scores of Monaghan, 7 Akre et al, 8 Skaletzky et al, 9 and Parshuram et al 11 and thus are more time-consuming at initial assessment. Moreover, the PEWS of Duncan et al and Parshuram et al included blood pressure, which is difficult to obtain in a standardized manner in a busy ED. For this reason, the applicability of scoring systems should be evaluated for the individual setting before implementation.
However, scoring systems with more parameters provide a wider range of sum scores and can therefore differentiate patients into .2 risk groups. This categorization can be important when PEWS are not only used to identify patients in need of ICU admission but also patients in need of admission to a pediatric ward. The PEWS of Duncan et al 10 and its bedside version from Parshuram et al 11 are the only scores with different optimal cutoff levels for hospitalization and ICU admission, and they are therefore best suited to allocate patients to .2 risk groups.
Thresholds for abnormal vital signs influence the validity of the PEWS, because PEWS that only differ according to vital sign thresholds showed different c-statistics. This finding suggests that the PEWS could be optimized by choosing the optimal cutoff levels for vital sign values. At present, most PEWS use cutoff levels based on the Advanced Pediatric Life Support program. 20, 21 However, recent publications suggest that reference ranges for vital signs should be updated with new thresholds. [22] [23] [24] At present, conventional triage systems such as the MTS, 25, 26 the Emergency Severity Index (ESI), 27 the pediatric Canadian Triage and Acuity Scale (PedCTAS), 28 and the Australasian triage Scale (ATS) 29 are used in the ED to allocate the patient' s acuity. In the MTS, PedCTAS, and ATS, trained triage nurses had to recognize patient' s signs and symptoms to allocate acuity. 25, 26, 28, 29 In the ESI, the urgency categories are based on the need of life-saving interventions and resource use. 27 In all triage systems, vital signs are included to allocate urgency. However, the use of these vital signs differed from the use in PEWS scoring systems, because they are dichotomized into normal and abnormal for the ATS, PedCTAS , and ESI, and in the MTS, they were included as discriminators such as "shock," "abnormal pulse," and "increased work of breathing"; thus, values for abnormality in children were not provided. In South Africa, an early warning score was included to allocate patients to the lowest urgency levels. This triage strategy is inexpensive and can be executed by an inexperienced staff. 30 Although PEWS can identify patients at risk in the ED for ICU admission and, to a lesser extent, identify patients at risk for hospitalization, we do not advise using warning scores as triage tools to prioritize patients. 31 At present, there is no evidence that PEWS are better than conventional triage systems. To prove that PEWS as triage tools are better than conventional triage systems or that PEWS have added value to conventional triage systems, a direct comparison study should be conducted in which patient outcomes and costs are included.
Currently, PEWS in the ED should be an adjunct of conventional triage. They can be used as a tool to indicate ICU admission oras a monitoring tooltoidentify patient deterioration, due to their ability to continue a patient' s assessment when admitted to the hospital. 2, 32 The main limitation of the current study is that the different PEWS were not implemented in the ED itself and therefore were not evaluated in practice. Conversely, because the PEWS have not been implemented, clinicians did not know the PEWS scores when examining the patients. The decision to admit patients to the ICU or pediatric ward was not influenced by the outcome of the PEWS and therefore could not bias our results.
Second, ICU admission and admission to the hospital were chosen as a proxy for acuity because a golden standard for acuity does not exist. Worldwide, hospitalization and ICU admission have been used extensively asa proxy forseverityof illness in the ED. [33] [34] [35] [36] [37] Also, it is a limitation that vital signs were not measured in all patients. We resolved this problem by using a multiple imputation model that can be used when the outcome measure (ICU admission) and predictor (presence of vital signs) on X and Yare correlated. 38 Lastly, the study population comprises children from 1 hospital, which could influence the generalizability of the results. However, the population included a varied case-mix of ∼18 000 children, selected from a multicultural, inner-city ED population, and the result are therefore likely to be generalizable to other pediatric ED populations.
CONCLUSIONS
PEWS are capable of identifying children in need of ICU admission. Scoring systems, with parameters leading to a numeric value, were better able to identify patients at risk than triggering systems, which need 1 positive parameter.
APPENDIX 
